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The Large Hadron Collider has a potential to probe the scale of left-right symmetry restoration
and the associated lepton number violation. Moreover, it offers hope of measuring the right-handed
leptonic mixing matrix. We show how this, together with constraints from lepton flavor violating
processes, can be used to make predictions for neutrinoless double beta decay. We illustrate this
connection in the case of the type-II seesaw.
PACS numbers: 12.60.Cn, 14.60.St, 14.70.Pw, 23.40.-s
More than 70 years ago Majorana [1] raised the question
whether neutrinos are “real” particles. If true, this would
allow for neutrinoless double beta decay (0ν2β) [2], a
violation of lepton number with two electrons created out
of “nothing”. The transition amplitude is proportional
to
Aν ∝ G2F
meeν
p2
, (1)
where meeν is the 1-1 element of the neutrino mass ma-
trix mν and p ≈ 100 MeV a measure of the neutrino
virtuality. Present-day neutrinoless double beta experi-
ments are probing the sub-eV region for meeν . There is
even a claim of this process being seen, corresponding to
meeν ≈ 0.4 eV [3]. On the other hand, the upper limits on
the sum of neutrino masses from cosmology are rapidly
progressing and recently, it was argued that the two are
incompatible [4]. Whether or not such a conclusion is
premature today, we should consider seriously the possi-
bility that this minimal picture will be contradicted by
the next round of experiments [5].
This would imply new physics doing the job [6], whose
contribution to the transition amplitude can be cast in
the natural form
ANP ∝ G2F
M4W
Λ5
, (2)
where Λ is the scale of new physics. The new physics
enters the game at Λ ∼ TeV, tailor-made for the Large
Hadron Collider (LHC), which provides a strong motiva-
tion to pursue this line of thought.
A natural candidate for new physics is the right-
handed charged current, as argued [7] in the context of
left-right (LR) symmetric theories [8]. It was precisely
LR symmetry that led to neutrino masses and, on top,
connected them [9] to the scale of parity restoration in
the context of the seesaw mechanism [9, 10]. This leads
to a remarkable signature of lepton number violation in
the form of same sign lepton pairs at colliders [11] in com-
plete analogy with 0ν2β. Furthermore, with such a low
scale one expects sizable rates for lepton flavor violating
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Fig. 1. The canonical contribution (left) from light neutrino mass
and the new physics part (right), with |MeeN | defined in Eq. (12).
The mixing angles are fixed at {θ12, θ23, θ13} = {35◦, 45◦, 7◦}, while
the Dirac and Majorana phases vary in the interval [0, 2pi].
(LFV) processes, which are being vigorously pursued in
the ongoing and planned experiments, yet another en-
couragement to follow the road of new physics.
Motivated by these considerations, we have performed
a detailed study of the relation between LHC, 0ν2β and
LFV, in the context of the minimal LR model with type
II seesaw. Our main point is shown in Fig. 1, where the
new physics contribution is contrasted with the usual one,
due to neutrino mass [12]. Since the standard contribu-
tion entails meeν , we use a combination of new physics pa-
rameters with the same dimension, denoted hereafter as
MeeN . It depends on the mass of the right-handed charged
gauge boson and on masses and mixings of the heavy
right-handed neutrinos as displayed below in Eq. (12).
The striking feature which emerges is the reversed role
of neutrino mass hierarchies. While in the case of neu-
trino mass behind neutrinoless double beta decay the
normal hierarchy matters less and degeneracy is most
promising, in the case of new physics it is normal hierar-
chy that dominates and degeneracy matters less. This
conclusion is true when the scale of new physics lies
within the LHC reach [13]. In other words, the discov-
ery of LR symmetry at LHC would provide an additional
boost for neutrinoless double beta decay searches. This
is the main message of our Letter. In the following we
describe the model and analyze its predictions.
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2The Model. The minimal LR symmetric theory is based
on the gauge group GLR = SU(2)L×SU(2)R×U(1)B−L
and a symmetry between the left and right sectors [8],
which can be taken to be charge conjugation C (for the
advantages of this choice, see [14]). Fermions are LR
symmetric, qL,R = (u, d)L,R and `L,R = (ν, e)L,R, with
fL ↔ (fR)c under C, and the gauge couplings are gL =
gR ≡ g.
The Higgs sector consists [9] of the SU(2)L,R triplets
1
∆L,R =
(
∆++,∆+,∆0
)
L,R
, ∆L ∈ (3, 1, 2) and ∆R ∈
(1, 3, 2), which under C transform as ∆L ↔ ∆∗R. The
group GLR is broken down to the Standard Model (SM)
gauge group by 〈∆R〉 MW and after the SM symmetry
breaking, the left-handed triplet develops a tiny 〈∆L〉 
MW . 〈∆R〉 gives masses not only to the WR and ZR
gauge bosons but also to the right-handed neutrinos.
The symmetric Yukawa couplings of the triplets rele-
vant for our discussion are
LY = 1
2
`L
MνL
〈∆L〉∆L`L +
1
2
`R
MνR
〈∆R〉∆R`R + h.c. , (3)
where MνL and MνR are Majorana mass matrices of
light and heavy neutrinos. In principle, there are also
Dirac Yukawa couplings connecting the two. When these
tiny couplings play a negligible role, the resulting see-
saw is called type II [15]. Purely for reasons of illus-
tration, the rest of this Letter will be devoted to this
appealing case. Due to C, its main characteristic is
the connection between the two neutrino mass matrices
MνR/〈∆R〉 = M∗νL/〈∆L〉∗. An immediate consequence is
the proportionality of the two mass spectra
mN ∝ mν , (4)
where mN stands for the masses of the three heavy right-
handed neutrinos Ni and mν for those of the three light
left-handed neutrinos νi.
In this theory, there are both left and right-handed
charged gauge bosons with their corresponding leptonic
interactions in the mass eigenstate basis:
LW = g√
2
(
ν¯LV
†
L
/WLeL + N¯RV
†
R
/WReR
)
+ h.c. . (5)
Since the charged fermion mass matrices are symmetric
(due to the symmetry under C), one readily obtains a
connection (up to complex phases, irrelevant to our dis-
cussion) between the right-handed and the left-handed
(PMNS) leptonic mixings matrices
VR = V
∗
L . (6)
LHC signatures or How to check type II. LHC
offers an exciting possibility of seeing directly both LR
symmetry restoration and lepton number violation. The
point is that once produced, WR can decay into a charged
1 There is also a bidoublet, which takes the usual role of the SM
Higgs doublet, and we do not discuss it here. For a recent detailed
analysis of its phenomenology and limits on its spectrum, see [14].
lepton and a right-handed neutrino which in turn de-
cays into a second charged lepton and two jets. Being
Majorana particles, they decay into both leptons and
anti-leptons, hence one obtains same sign lepton pairs,
signaling the violation of lepton number [11]. It turns
out that in this way, LHC running at 14 TeV can reach
MWR . 2.1(4) TeV with a luminosity of 0.1(30) fb−1 [13].
Since in the minimal model there is a rough bound of
about MWR & 2.5 TeV [14], in order to be conserva-
tive in our analysis we choose a representative point
MWR = 3.5 TeV together with m
heaviest
N = 0.5 TeV.
The flavor dependence of VR can be determined pre-
cisely through these same sign lepton pair channels; thus,
Eq. (6) may be falsified in the near future. Furthermore,
if LHC will measure the heavy right-handed masses in
the same process, one could perform crucial consistency
checks of type II seesaw, such as
m2N2 −m2N1
m2N3 −m2N1
=
m2ν2 −m2ν1
m2ν3 −m2ν1
' ±0.03 . (7)
Here, the right-hand side is determined by oscillation
data and the ± signs corresponds to normal/inverted hi-
erarchy case. Another eloquent relation among the mass
scales probed in cosmology, atmospheric neutrino oscil-
lations and LHC is:
mcosm =
∑
i
mνi ' 50 meV×
∑
imNi√
|m2N3 −m2N2 |
. (8)
The bottom line is that the LHC can determine the
right-handed neutrino masses and mixings and allow one
to make predictions studied below. The type II seesaw
chosen here is only a transparent illustration of how these
connections take place.
Lepton Flavor Violation. Lepton flavor violation in
LR symmetric theories has been studied in the past [16].
What is new in our analysis is the connection with LHC
and especially the quantitative implications for 0ν2β.
There are various LFV processes providing constraints
on the masses of right-handed neutrinos and doubly
charged scalars illustrated in Fig. 2. It turns out that
µ→ 3e, induced by the doubly charged bosons ∆++L and
∆++R , provides the most relevant constraint and so we
give the corresponding branching ratio
BRµ→3e =
1
2
(
MW
MWR
)4 ∣∣∣∣VLmNm∆ V TL
∣∣∣∣2
eµ
∣∣∣∣VLmNm∆ V TL
∣∣∣∣2
ee
, (9)
where 1/m2∆ ≡ 1/m2∆L + 1/m2∆R . The current experi-
mental limit is BR(µ→ 3e) < 1.0× 10−12 [17].
The LFV transition rates become negligible when the
masses MWR and m∆ become larger than about 100 TeV.
We are interested in LHC accessible energies, in which
case the smallness of the LFV is governed by the ratio
mN/m∆, in addition to mixing angles and phases. In
Fig. 2, we plot the upper bound on this quantity vary-
ing the mixing angles and phases (LFV plots also take
into account µ→ e conversion in Au nuclei, µ→ eγ and
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Fig. 2. Combined bounds on mheaviestN /m∆ from LFV. The dots show
the (most probable) upper bounds resulting for different mixing an-
gles and phases (varied respectively in the intervals {θ12, θ23, θ13} =
{31◦-39◦, 37◦-53◦, 0-13◦} and [0, 2pi]). The dark line is the absolute
upper bound. The plot scales as MWR/3.5 TeV.
rare τ decays such as τ → 3µ, etc. [18]). An immediate
rough consequence seems to follow: mheaviestN /m∆ < 0.1
in most of the parameter space. However, the strong de-
pendence on angles and phases allows this mass ratio up
to about one in the case of hierarchical neutrino spectra,
thus allowing both N and ∆L,R to be light. This serves
as an additional test at colliders of type II seesaw used
here. For degenerate neutrinos, unfortunately, no strict
contraint arises: see again Fig. 2.
Neutrinoless double beta decay. We neglect the
small neutrino Dirac Yukawa couplings, the tiny WL-
WR mixing of O(MW /MWR)2 . 10−3 and contributions
coming from the bidoublet through the charged Higgs,
because of its heavy mass of at least 10 TeV [14]. We are
left with an effective Hamiltonian with two extra contri-
butions (the one from the left-handed triplet being com-
pletely negligible)
HNP = G2FV 2Rej
[
1
mNj
+
2 mNj
m2
∆++R
]
M4W
M4WR
JRµJ
µ
R eRe
c
R , (10)
where JRµ is the right-handed hadronic current. Making
use of the LFV constraint mN/m∆  1 one can neglect
the ∆++R contribution and write the total decay rate as
Γ0νββ
ln 2
= G ·
∣∣∣∣Mνme
∣∣∣∣2
(
|meeν |2 +
∣∣∣∣∣p2 M4WM4WR
V 2Rej
mNj
∣∣∣∣∣
2)
, (11)
where G is a phase space factor,Mν is the nuclear matrix
element relevant for the light neutrino exchange, while p
measures the neutrino virtuality and accounts also for the
ratio of matrix elements of heavy and light neutrinos.
These quantities have been calculated and [19, 20] are
reported in Table I for some interesting nuclei.
To illustrate the impact of the Dirac and Majorana
phases on the total decay rate, we plot in the left frame
of Fig. 1 the well known absolute value of meeν , while the
corresponding effective right-handed counterpart for the
type II seesaw used here,
MeeN = p
2 M
4
W
M4WR
V 2Lej
mNj
, (12)
ref. nucleus 76Ge 82Se 100Mo 130Te 136Xe 150Nd
[19]
G|Mν |2×1013 yr 1.1 4.3 2.0 5.3 1.2 75.6
p /MeV 190 186 189 180 280 210
[20]
G|Mν |2×1013 yr 2.7 − 15.2 12.2 − −
p /MeV 184 − 193 198 − −
Table I. Nuclear factors relevant for 0ν2β.
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Fig. 3. Effective 0ν2β mass parameter |meeν+N |, a measure of the total
0ν2β rate including contributions from both left and right currents.
is shown in the right frame. The plot was made using
Eqs. (4), (6), with p = 190 MeV and taking the entire
range of VL to be allowed by LFV, see Fig. 2.
The total 0ν2β rate is governed by the effective mass
parameter
|meeν+N | = (|meeν |2 + |MeeN |2)1/2 (13)
that supersedes the standard matrix element meeν in the
parameter space accessible to LHC. In Fig. 3, we show
|meeν+N | as a function of the lightest neutrino mass. We
have already stressed in the introduction the reversed role
of the neutrino mass hierarchies. In the case of the right-
handed contribution, the normal hierarchy prevails over
the inverted in wide regions of the parameter space; for
both hierarchies, new physics can win over the neutrino
mass as the source of 0ν2β. Moreover, Fig. 3 shows that
there is no more room for a vanishing transition rate, as
in Fig. 1. On the upper horizontal axis of Fig. 3 we also
display the lightest of the heavy neutrinos. As one can
see, the range of mlightestN is easily below 100 GeV which
would lead to interesting displaced vertices at LHC [14].
In short, 0ν2β may be naturally governed by new
physics and thus be disjoint from light neutrino masses.
This is only in apparent contradiction with the often
stated result [21], according to which a non vanishing
0ν2β implies a nonvanishing neutrino Majorana mass.
Although true as a generic statement, on a quantitative
level it has no practical purpose, as the case exposed here
demonstrates explicitly. Another example was provided
by the minimal supersymmetric standard model [22].
Discussion and outlook. In this Letter we have shown
how the minimal LR symmetric theory offers a deep con-
nection between high energy collider physics and low en-
ergy processes such as neutrinoless double beta decay and
lepton flavor violation. The crucial point is lepton num-
ber violation which at LHC would reveal itself through
4same sign di-leptons produced from the decay of a heavy
right-handed neutrino. The different flavor channels will
be a probe of the right-handed mixing matrix, allowing
to test the type-II seesaw hypothesis in the near future.
At the same time, the low scale of LR symmetry im-
plies a sizable contribution to the neutrinoless double
beta decay rate. The standard hypothesis that this tran-
sition is dominated by the Majorana mass of light neutri-
nos may lead to a tension between oscillations and mea-
surements of the absolute neutrino mass. The alternative
hypothesis does not only permit wider possibilities, such
as small neutrino masses with normal hierarchy order-
ing and large rate for the neutrinoless double beta decay,
but much more interestingly, it has a real chance of being
tested at the LHC.
Measurements of heavy neutrinos at the LHC can eas-
ily invalidate the specific version of the model, requiring
e.g., to abandon C symmetry and/or type II seesaw, and
to replace our hypotheses on mN and VR, Eqs. (4) and
(6), with the experimental results. Whereas this would
imply quantitative changes of our results, it would not
change our main conclusion that the possible LHC find-
ings will be crucial for the interpretation of the neutrino-
less double beta decay.
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